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I.  INRODOCTION 

Xhis  report  provides  rstionsle  for  s  Threshold  Limit  Vslue^  (TLV)  of  700  ng/®* 
(200  ppm.  l.S%  LEL).  end  a  Short-Term  Exposure  Limit  (STEL)  of  1050  mg/m*  (300  ppm. 
2.3%  LEL)  as  n— hexane  with  a  skin  notation  for  JP— 4/Jet  B  Vide  Cut  Aviation  Turbine 
Fuel.  This  recommended  value  is  based  upon  a  thorough  review  of  the  literature  and 
USAF  experience  with  JP-4  fnel  exposures. 


[I.  RAinmALB  FW  STANDARD 

JP-4  is  the  primary  fuel  used  in  DSAF  aircraft.  It  is  a  complex  blend  of 
up  to  300  different  hydrocarbon  compounds.  Minor  additives  are  included  to 
control  oxidation,  inhibit  corrosion  and  icing  and  to  passivate  metal  fuel 
system  components.  The  general  characteristics  are  shown  in  Table  1.  Table  2 
contains  a  more  complete  description  of  the  additives  as  specified  in  military 
specification  HIL-T-S624L.  Turbine  Fuel.  Aviation.  Grades  JP-4  and  JP-5.  As 
seen  in  Table  2.  JP-4  has  a  very  wide  distillation  range  and  the  lower  boiling 
light  ends.  C,  and  below,  tend  to  evaporate  first  leaving  the  heavier  ends 
from  C,  through  €,^4.  As  a  result,  the  molecular  weight  of  the  vapor  to  which 
personnel  are  exposed  is  considerably  less  than  the  liquid  (85  gm/mole  versus 
125  gm/mole).  Table  3.  This  agrees  with  the  observations  of  McDermott  (1978) 
who  reported  the  light  ends  predominate  in  vapor  exposures  to  gasoline. 


TABLE  1 

JP-4  Qemeral  Ckaraeteristiea  Wide  Cnt.  Oaaollae  Type  Fnel 


Carbon  Range 

Distillation  End  Point 
LEL.  vv%‘ 

DEL.  vv%‘ 

Minimum  vapor  pressure  at  100**F.  mm  llg 
Maximum  vapor  pressure  at  lOO^F.  mm  Hg 
Plash  Point 


-  c„ 

270*C  (520*F) 
1.3 
8.0 


105 

155 

-23  to  1*C  (-10  to  30«F) 


‘vv%  >>  vapor  volume  percent 


1 


TOU  2 


Gk«U«al  u4  PkytiMl  ■•tmlscMats  *2  JF-4 


l«4«irMi«Bts  Or ad*  JP^4 

Color,  S«7bolt^ 

Total  acid  nuibar,  ag  K(M/g,  aaz  O.OIS 

Azoaatlea,  toI  poreaat,  aaz  25.0 

Oloflaa,  Tol  poreaat  aaz  5.0 

Mereaptaa  salfar,  weight  pereeat,  aaz*  0.001 

Salfar,  total  weight  pereeat,  aaz  0.40 

Diatillatioa  teaperatare,  deg  C, 

(D  2887  liaita  ia  pareatheaea) 
laitial  boil  lag  poiat* 

10  pereeat  reeowered,  aaz  te^* 

20  pereeat  recoTored,  aaz  teap  145  (130) 

SO  pereeat  recovered,  aaz  teap  190  (185) 

90  pereeat  recovered,  aaz  teap  245  (250) 

Bad  poiat,  aaz  teap  270  (320) 

Besidae,  vol  pereeat,  aaz  (for  D  86)  1.5 

Loaa,  vol  pereeat,  aaz  (for  0  86)  1.5 


Biploaivea  pereeat,  aaz 
Plaah  poiat,  deg  C  (deg  P),  aia 
Deaaitj,  hg/a*,  aia  (*API,  aaz)  at  15*C 
Deaaitj,  hg/a*,  aaz  (*API,  aia)  at  15*C 
Yapor  preasare,  37.8*C  (100*F),  kPa  (pai),  aU 
Vapor  preaaare,  37.8«C  (100*F).  kPa  (pai),  aaz 
Freeziag  poiat.  deg  C  (deg  F),  aaz 
Viaeoaity.  at  -20*C,  aaz,  aa*/a(eeatiatohea) 

Beatiag  valae,  aailiae-gravity  prodaet, 
aia,  or  act  heat  of  eoabaatioa, 

KT/hg  (Bta/lb)  aia 

Bydrogea  eoateat,  wt  pereeat,  aia 
or  aaohe  poiat,  aa,  aia 

*To  be  reported  -  aot  liaited. 

*The  aereaptaa  aalfwr  deteraiaatloa  aay  be  waived  at  the  optloa  of  the 
iaspeetor  if  the  fael  is  ■doctor  sweet”  whea  tested  ia  aeoordaaee  with  the 
doctor  test  of  A8IM  D  484. 


JP-4  is  prlaarily  aliphatic  hydroearboas  (paraffias)  with  aa  average 
eeaeeatratioa  of  10-11%  areaatles  aad  1%  aasatarated  hydroearboas  (Barrisoa, 
1982).  As  a  class,  paraffias  are  geaerally  eoasidered  to  be  eeatral  aervoas 
(0N8)  depressaats  with  the  ezeeptloas  of  the  first  three  aeabers  of  the 
aeries,  sMthaae,  ethaae  aad  propaae,  which  are  siaple  asphyziaata  aad  a-hezaae 
which  is  a  peripheral  aearopathie  ageat.  The  vapors  of  the  paraffias  are 


751  (57.0) 
802  (45.0) 

14  (2.0) 

21  (3.0) 

-58  (-72) 

5,250 

42.8  (18,400) 

13.6 

20.0 
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TABLE  3 


TLV  CalemlatioBt  fox  JP-4  aad  Gaoolia*  Hoadtpao*  V%por 


Coapoand 

Carbon 

No. 

Mol 

Ht. 

TLV 

(ag/a>) 

AreaB 

JP-4 

JP-4 

Area«  i  TLV 

AxeaB 

Gas 

Gasoline 

Axea«  {  ILV 

Propane 

3 

44.04 

2.000  (2) 

1.00 

0.000500 

2.10 

0.001050 

laobatane 

4 

32.18 

1.900  (3) 

2.45 

0.001395 

4.00 

0.003158 

n-Batane 

4 

52.18 

1.900  (1) 

5.40 

0.002947 

32.50 

0.017105 

Methyl  Batane 

S 

72.15 

1.900  (4) 

12.25 

0 .004447 

21.80 

0.011474 

n-Paatane 

S 

72.15 

1.800  (1) 

13.05 

0.007250 

10.90 

0.004054 

Diaethyl  Batane 

6 

84.18 

1.700  (4) 

2.45 

0.001441 

1.90 

0.001118 

Methyl  Pentane 

6 

84.18 

1.700  (4) 

11.30 

0.004447 

5.50 

0.003235 

nr Hexane 

6 

84.18 

ISO  (1) 

8.15 

0.045278 

2.30 

0.012778 

Methyl  Cyclopentaae 

6 

84.14 

1.700  (4) 

3.45 

0.002029 

1.00 

0.000588 

Benzene 

6 

78.12 

30  (1) 

1.25 

0.041447 

0.30 

0.014447 

Cyclohexane 

6 

84.14 

1.050  (1) 

3.10 

0.002952 

0.30 

0.000284 

Methyl  Hexane 

7 

100.21 

1.400  (3) 

2.70 

0.001488 

0.50 

0.000313 

Olaethyl  Pentane 

7 

100.21 

1.400  (3) 

2.70 

0.001488 

0.00 

0 .000000 

B-Heptane 

7 

100.21 

1.400  (1) 

4.30 

0.002488 

0.40 

0.000250 

Methyl  Cyclohexane 

7 

98.19 

1.400  (1> 

2.73 

0.001719 

0.00 

0.000000 

Tolaeae 

7 

92.15 

375  (1) 

1.15 

0.003047 

0.90 

0 .002400 

Methyl  Heptane 

< 

114.23 

1.450  (3) 

1.50 

0.001034 

0.00 

0 .000000 

8 

112.22 

1.450  (3) 

1.50 

0.001034 

0.00 

0.000000 

tt-Oetaae 

8 

114.23 

1,450  (1) 

2.00 

0.001379 

0.10 

0.000049 

Ethyl  Benzene 

8 

104.17 

435  (1) 

0.18 

0.000414 

0.20 

0.000440 

Xylenes 

8 

104.17 

435  (1) 

0.48 

0.001543 

0.55 

0 .001244 

nr Nonane 

9 

128.24 

1.050  (1) 

0.45 

0.000429 

0.00 

0.000000 

n-Oeoane 

10 

142 .29 

700  (5) 

0.18 

0 .000257 

0.00 

0 .000000 

Others 

7 

100.21 

1.400  (4) 

15.44 

0.009788 

12.55 

0.007844 

TOTAL 

100.00 

0.145300 

100.00 

0.086113 

TLV  (ng/B>) 

488.23 

1161.24 

TLV  (ppb) 

194.03 

403.37 

Awg  MV  (ga/aMle) 

85 

70 

Awg  C# 

Based  on  hexane  and  benzene  (7) 

4 

5 

TLV  (Bg/B>) 

494 .53 

1108.72 

TLV  (ppa) 

198.39 

385.12 

(1)  AOOIB  ILT  (19>2) 

(2)  Siapla  aaphpzlast 

(3)  Caloalatad  froB  tha  ILV  of  tba  aoxaal  alkaae  wltb  the  ease  carbon  nnabex 

(4)  Eatiaated  ftca  the  extrapolated  C,  alhane  ILT  aaanalag  no  nenrotoxielty 

(5)  Extrapolated  item  the  a-oetane  and  n-nonaae  ILVa 

(d)  Batlaate  froa  the  diatrlbntlon  of  the  aajorlty  of  the  alaor  coaponenta  which  were  near  C,  in  the  chrcaato- 

iraaa 

(7)  Calealated  froa  the  benzene  and  n-hezaae  coacaatrationa  aeacalng  the  reaalning  hydrocarbons  are  C,  alkanes 
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gtMxally  eontidexad  to  bo  irritating  to  tbo  anoona  aeabranea,  bnt  direct 
liquid  ooataet  with  tbo  Innga  will  canoe  paenaonitio  (Gerardo,  1962a). 
Aroaatiea  are  also  generally  conoidered  to  be  CNS  depreooanto.  Additionally, 
benzene  exerts  a  toxic  effect  on  tbe  blood-foming  organs  in  the  bone  narrow 
(Gerardo,  1962b  ).  Benzene  is  also  a  suspect  carcinogen  and  requires  special 
consideration.  In  general,  tbe  aronatics  are  also  wore  irritating  to  tbe 
nueous  aeabrane  than  tbe  alipbatics  (Gerardo,  1962b). 

Tbe  only  conpleted  toxicology  study  involving  JP-4  was  conducted  at  tbe 
Air  Force  Aerospace  Medical  Rasearcb  Laboratory  (AFAMKL)  by  Kinbead  (1974) . 
Beagle  dogs,  aonkeys,  nice  and  rats  were  exposed  to  concentrations  of  2500 
ng/a*  or  5000  ng/n*  for  6  br/day,  5  days/wk  for  33  weeks.  Tbese  levels  were 
seleeted  to  produce  levels  of  12.5  and  25  parts  per  nillion  (ppn)  benzene 
under  tbe  theory  that  benzene  was  tbe  priaary  toxic  cbeaical  in  tbe  aizture. 
During  tbe  first  three  weeks  of  exposure,  tbe  dogs  and  aonkeys  both  showed 
decreased  activity  bnt  regained  noraal  levels  of  activity  by  tbe  fourth  week. 
Kiakead  also  reported  an  increase  in  red  blood  cell  (BBC)  osaotio  fragility 
in  feaale  beagle  dogs  exposed  to  tbe  5000  ng/a*  concentration  and  two  nice 
developed  pulnonary  adenoaas.  One  aouse  in  tbe  group  of  19  exposed  to  5000 
ag/n*  bad  lyapbosarconas  in  tbe  lungs  and  lyapb  nodes  with  aetastases  to  other 
organs.  Based  on  no  observed  effect  level  at  2500  ag/a*,  they  recoanended 
this  value  as  an  acceptable  TLV  for  JF-4  vapors.  Two  subsequent  studies,  a 
90-day  continuous  and  a  one  year  6-br/day,  5-day/wk,  with  e^osnres  to  5000 
ng/a*  and  1000  ng/a*,  will  be  reported  in  Decenber  1983  and  July  1984. 

JP-4  causes  nonspecific  IMA  daaage  in  WI-38  cells  and  possible  preiaplan- 
tation  loss  in  rats  during  tbe  first  four  weeks  of  anting  post  exposure  in  tbe 
doainant  lethal  assay.  Other  nutagenic  tests  were  negative  and  it  was  con¬ 
cluded  there  was  no  evidence  JP-4  would  be  carcinogenic  (Brusick,  1978) .  A 
group  of  Swedish  investigators  (Knave,  1976,  1978,  1979,  1981)  studied  engine 
neobanics  who  bad  worked  at  an  aircraft  factory  for  an  average  of  17  years  and 
bad  syaptoas  possibly  indicative  of  polyneuropathy  and  neurasthenia  (nervous 
exhaustion).  These  aecbanics  were  exposed  to  a  jet  fuel  similar  to  JP-4  at 
coaoentratioas  ranging  from  128  to  3226  mg/a*  while  testing  engine  coapoaents, 
operating  test  stands,  and  perforaiag  related  duties.  Exposed  workers  were 
significantly  different  than  factory  controls  in:  1)  incidence  and  prevalence 
of  psychiatric  syaptoas,  2)  psychological  tests  with  emphasis  on  attention  and 
sensoriaotor  speed  and  3)  EEGs. 

Carpenter  reported  acceptable  hygiene  standards  for  VM  and  P  naptha  and 
rubber  solvent  of  2000  ag/a*  and  1700  ag/a*,  respectively  ((Urpenter,  1975b, 
1975d).  Tbe  composition  of  tbese  solvents  is  similar  to  that  expected  froa 
JP-4  vapor  e^osnres. 

AGGIE  has  accepted  tbe  recommendation  of  NoDeraott  and  Eilliany  (1978),  of 
300  ppn,  900  ag/n*  for  gasoline.  This  recoaaendstion  was  based  on  tbe  AGGIE 
approaeb  of  additivity  of  effects  for  tbe  components  McDermott  identified 
by  gas  cbroaatograpby/aass  spectroaetry  in  gasoline  exposures.  Many  other 
investigators  have  also  evaluated  exposures  to  gasoline  with  special  eapbasis 
on  benzene  eiqposurea  (Phillips,  1978,  Irving,  1979,  Runion,  1975).  These 
investigators  did  not  observe  significant  exposures  to  personnel  during 


rontia*  liandliiif  of  bulk  qnuntltie*  of  gusoline  during  either  tanker  unloading 
or  gaa  atation  oporationa.  Theae  inueatigatora  also  reported  the  benzene 
vapor  eonoontration  was  less  than  the  benzene  liquid  concentration  on  a  volune 
percent  basis. 

NI08I  has  recowiended  a  standard  of  100  ng/n*  for  kerosene  based  on  the 
aasuaption  of  aerosol  fomation  at  concentrations  above  100  ag/n*  (NIOSH, 
1977a).  This  value  of  100  ag/a*  has  also  been  recoaaended  by  Carpenter 
(1976) . 

In  DSAF  experience,  TWA  ej^osurea  above  700  ag/a*  JP-4  have  been 
indicative  of  operations  which  require  industrial  hygiene  controls. 
Additionally,  significant  benzene  ei^oaures  have  only  been  associated  with 
fuel  filter  replaeeaent.  It  has  been  theorized  the  filters  concentrate 
benzene. 


III.  OMMUnMIS 

lationale  for  a  TLV  of  700  ag/a*  (200  ppa)  and  STEL  of  1050  ag/a*  (300 
ppa)  is  based  on  gas  chroaatograas  of  JP-4  headspace  vapor  at  25*C  and  the 
AOGIH  additivity  approach  (Table  3).  Approziaately  the  saae  TLV  value  is 
obtained  using  the  average  benzene  and  n-hezane  vapor  concentrations  and 
treating  the  reaaining  hydrocarbon  vapors  as  C,  alkane  equivalents.  It  is 
reconaended  that  n-hezane  be  used  for  instrnaent  calibration  to  insure  intra- 
and  interlaboratory  correlations  of  analytical  results  (Bishop,  1982) .  These 
J^4  levels  are  attainable  and  should  provide  adequate  worker  protection  based 
on  current  tozieologic  infomatlon.  While  the  extent  of  skin  absorption  is 
unknown,  s  *skin*  notation  is  reconsiended  because  JP-4  is  a  defatting  agent 
and  can  cause  dematitis  which  nay  lead  to  inereased  thin  absorption.  In  the 
event  that  an  individual  is  routinely  (occupationally)  exposed  ts  JP-4  above 
the  "action  level"  (390  ng/n*),  the  procedure  outlined  in  Table  4  is  suggested 
■ininuB  requireaents  for  an  occupational  physical  prograa.  This  is  consistent 
with  the  Intent  of  DoO  6099. 5-l(  and  should  be  used  within  the  saae  context  as 
that  docuaent . 
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